I. INTRODUCTION
Blood volume can be measured with good resolution using Positron Emission Tomography (PET) technique. In the measurement, blood is labelled with "C carbon monoxide['~J2~, which binds to the red blood cells until it decays with a half life of 20 minutes. Previous studies have shown that there is a relatively large change in blood flow and a smaller change in blood volume in the "activated" regi~ns~'~*['~~[~. Even though the magnitude of the blood volume change is smaller than the blood flow change, signal-to-noise(S/N) can be enhanced with repetitive stimulation in a similar way to "evoked potential" studies in electrophysiology. It also seems likely that the blood volume in the activated regions changes and may change quite quickly (within several heart beats) after the on& of the activation. If this is true, the concentration of "C in that region would change, and the evolution of the evoked vascular response (EVR) could be observed with a gated technique.
This can be done by applying a repetitive stimulus and acquiring data into bins separated eccording to the phases of the stimulus. We have developed a technique to test the above hypothesis using vibro-tactile stimulation of the lingem of both bands. The work presented here are more concentrpted on some new technological achievements, such as hprdware and softwpre modifications of the PET scanner which makes the gating technique possible, a stimulator which controls the stimulation to the subjects and synchronh it with the gating signals on the acquisition systems, A activity monitoring and controlling system which enables the continuous radioactive gas flow to be monitored and controlled, A simulation study with a rotating positron emitting source combined with a shaft encoder. Studies on subjects are going to be performed on a Scanditronix PC 2048Biq.
II.METH0DS

Hardware
One circuit board on the PET acquisition system converts the counts from the coincident detectors to sinograms. Some electronics was added to this board so that the data a c q d during each phase could be stored in an externally selectable region in the memory. Eight phases can be collected with the number of bins controlled by the experiment being performed on the subject. This "EVR" scanning mode can be selected with a special scanning protocol without changing the n o d operation of the scanner.
Software
When the data are acquired in EVR mode, the single events and coincident events are stored in memory with different data types, projection lengths and sampling made from that of n o d stationary or wobbled modes. Before the data for each of the eight phases are to be reconstructed into an image, each has to be rewritten into an individual file in such a way that the reconstruction program can m d it as a n o d stationary acan. All normalizotion, calibration, and random and dead time corrections work as n o d . A program was written to acquire eight different images, each for each of the eight phases in a measurement.
The actual measurement time entered in the file header for each phase is normalized with the singles counts in that phase compared with the total singles counts in the whole scan. This normalization enables the corrections due to the counting rates perform as n o d during the image reconstruction. genera@ pulses with an adjustable frequency from 0.2Hz to 2Hz, the signal splits to three outputs after being processed by a decade counter. One output goes to the circuit board of the acquisition system to control the memory regions of the data for each phase. Another output goes to a numeric display which monitors the present phase and the moment during the period of the phase. The third output goes to two comparators where the present phase is compared with the preset "start" and "stop" phases, which enables one of the two vibrators attached the left and right fingers to begin vibrating at the "start" phase and stop at the end of the "stop" phase. The phases will cycle from number 1 to 8 repetitively during the period of scanning, and the head of the subject will be scanned after the administration of the "C labelled CO. The phase duration is critical for the observation of the response after stimulus onset, just like the speed to a movie loop. It can be adjusted from 2 seconds to 40 seconds.
The stimulator will later be also used for visual and auditory studies.
Activity monitor and controller
In order for the radioactive gas CO to combine with blood cells more efficiently, a continuous inhalation method will be used. 2OmCi "C labelled CO gas will be continuously administrated to the subject in about 4 minutes. For radiation protection purpose, it is important to h o w the amount of radioactivity delivered at each moment and to stop delivering at the right time.
An activity monitor and controller was developed to tell how much activity is administrated to the subject at each moment in a continuous inhalation study. A mass flow meter and controller (Matheson Model 8240 series) is used to measure and control the gas flow, and a coincidence detector pair are mounted above and below the gas transport line to measure the specific activity (Fig.2) . The detector system are v e n t t o adapted from a blood sample+n which communicates with the host computer over a standard RS232 line. An auxiliary input line is connected to the mass flow meter to read the frequency which is proportional to the mass flow. The numbers of singles counts, coincidence counts and mass flow are transferred and written into a file in each time interval. At the same time calculations are made and monitored on the screen.
Radio-
A c t i v e ExhaUat
The mass flow controller controls the flow rate at a certain level and also provide a stable gas pressure in the tubes following the flow controller. This stable pressure environment eliminates the flowdynamics effects caused by the compressibility of the gas EO that the coincidence counts mearmred with the detectors will be proportional to the percentage of the number of atoms of the radioactive gas.The multiplication of the flow rate by the coincidence counts at the time interval will be proportional to the number of the radioactive atoms pass by the detectors per unit of time, and its integration will give the total activity. Flow will be stopped when the reading of the total activity reaches the amount required by the study. The calibration was done by conducting the radioactive gas into a rubber bag which is stmounded by a well counter to read the activity in mCi. The calibration factor is independent of the flow rate and the specific activity so the equipment can be used quite flexibly.
Inhalation systems
As shown in Fig.2 , The gas flow will be conducted to a 0.5 litre chamber. Medical air will be provided with a 6 litter bag through a oneway valve. Leakage during inhalation and exhalation are prevented with one way-valves.
III.TESTS
Before a volunteer is put on the couch, all the mechanical, electronics must be proved to functioning well with phantoms under the similar condition to that of a real EVR study. A simulation study was done with a rotating radioactive source mounted on a shaft e n d e r .
A normalization source was mounted on an eccentric mount which could be rotated by a small motor. The shaft of the motor was c o~e c t e d to a shaft e n d e r which produced 256 pulses per revolution. these pulses were counted in a eight bit counter, and the outputs of any combination of the eight bits were ConneCfed either in sequence or randomly to four of the bits which tell the acquisition system the phase number sequentially or randomly. After these tests the data was transferred, converted and reconstructed. The results of these tests (Fig.3) show that each file contained data from the source in exactly a 45 degree segment of its obit. That proves the gating technique is successful. 
IV.STATUS
The first volunteer study will be arranged in the following way: fingers of each hand will be attached loosely to a vibrator with adhesive tape. An inhalation of 2OmCi 11C labelled CO will be continuously supplied. The stimulation and timing will be controlled by the EVR stimulator which will sequence the vibrators to switch on and off : Left stimulus starts at phase 1 and stops at phase 4; right stimulus starts at phase 5 and stops at phase 8. The Scanning will last for 20 minutes with a phase duration of 20s. Other two similar measurement will follow with different phase durations of 15s and 25s.
A series of images of the 8 phases can be p r a d u d and displayed as a function of time during the stimulation to look for the sequential changes in regions likely and unlikely to be activated. The most likely activated regions will be postcentre-gyri in both cerebral hemisphere. At present, the electronics and software are all working after being tested with phantom studies. And the proposal for the volunteer study has been approved by the MNI Ethics Committee. Delays in commissioning our new cyclotron and problems in gas generating and delivering systems have prevented any CO studies at this time.
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